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AcHMnTOTHMecKHe paBeHCTBa ^jia HaHjiyHinnx npnSjiH^ce- 
hhh KjiaccoB 6ecKOHeHHO ^HcJx^epeHL^HpyeMbix 4>yHKu;HH, 
3a^aK>in,Hxc5i c noMonjbio MO^yjia HenpepbiBHOCTH 

<N ' 
o 

Asymptotic behavior of best approximations of classes 
of infinitely differentiable functions denned by moduli of 
continuity 

< 

JJoAyuenu acuMnmomuuecKue ov^eHKU dnn nauAynmux npu6Auomenuu mpmoHOMempuuecKUMU no- 
auhomclmu e MempuKe npocmpancmea C (L p ) KAaccoe nepuodunecKux g5yHKU,uu, npedcmaeuMUX 
e eude ceepmoK ndep ^> g, c KoscfxfyuuuenmaMU 0ypbe, y6ueaK)iu l UMU k nyAto 6ucmpee ak>6ou cme- 
neHHoit nocAedoeameAbHocmu, c cfynKVAtsiMU ip G C (<p G L p ), ModyAU Henpepuenocmu Komopux ne 
npeeumaiom 3adanHou Mawcopanmu oo(t). ffoKa3ano, umo e npocmpaHcmeax C u L\ 3ah eunyKAUx 
ModyAeu Henpepuenocmu u(t) noAyuennue ov^ennu sieAsimmcH acuMnmomuuecKU mounuMU. 

> 

, We obtain asymptotic estimates for the best approximations by trigonometric polynomials in the 

metric space C (L p ) of classes of periodic functions that can be represented as a convolution of 
kernels fyg, which Fourier coefficients tend to zero faster than any power sequence, with functions 
(f G C {(p G L p ), which moduli of continuity do not exceed a fixed majorant u}(t). It is proved that in 
the spaces C and L\ the obtained estimates are asymptotically exact for convex moduli of continuity 
w(t). 
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(N 



IIocTaHOBKa 3a,o,aHH h {popMyjmpoBKa ochobhmx pe3yjii>TaTOB 

H \ 

IlycTb C h L p , 1 < p < oo, — npocTpaHCTBa 27r-nepHO^H T iecKHX (pyHKiiiiii co CTaH- 
^apTHMMH HopMaMH || • \\c ii || • \\l p - IlycTb, ,najiee, — mhojkgctbo (pyHKiiiift / G Li, 
npe^cTaBHMbix cBepTKoii 

7T 

f(x) = ^ + ±f<p{x-t)* ft {t)dt, <peL 1: ^±1, (l) 

— 7T 

c cyMMHpyeMbiM a^poM ^p{t), pfi-R Oypbe KOToporo HMeeT bh,h ^,9 CO ~ 

oo 

£ ip(k) cos (kt - f 1 ) , yb(k) > 0, $ e R. PaBeHCTBo (0} noHHMaeTCH xax paBeHCTBo flByx 

k=l 

(pyHKrriiM H3 Li, T.e. iiohtii fljia Bcex iGl CorjiacHo CTenamiy [TJ §3.7], dpymaiiiio (p b pa- 
BeHCTBe ([1]) Ha3biBaioT (■0, /3)-npon3Bo,ziHOH cpyHKiTHH / h oGosHanaioT ft {f(x) = ft(x)). 
Ecjih / G h, KpoMe Toro, ft G 9T, r^e 0t C Lj, to 3anncbiBaiOT / G V^fX. TaKsce 
nojiaraiox C# = Lj n C h CjOt = lJdT n C. 
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IlycTb u(t) — (J)HKCHpoBaHHL»iH Mo^yjib HenpepBiBHocTH, T.e. HenpepbiBHaa HeyGbma- 
rouias: h nojiya^AHTHBHaa npn Bcex t > cpyHKHHH, b Hyjie paBHaa Hyjiio. B Kaue- 
CTBe 9T paccMaTpuBaioTcs MHoacecTBa H UJX = {p G X : ux{<P',t) < u(t), t > 0}, r^e 

wx(y?;£) = SU P 1 1 C " + ^) — v(")ll^ — Mo,n;yjib HenpepBiBHocTH cpyHKHHH <p b npocTpaHCTBe 

N<* 

X, a X ecTB C jih6o L p , l<p<oo. IlpH ip{k)=k~ r h /3=r, rGN, KjiaccBi CgH Uo coBna^aioT c 
H3BecTHBiMH KjiaccaMH W r H U]c 27r-nepHo,HH T iecKHx r pa3 HenpepBiBHo ^rncpcpepeHHHpyeMbrx 
cpyHKijHH, r-e npoH3Bo^Hbie kotopbix npHHa^jiexcaT Kjiaccy H Uc . 

He yMeHbniaa oGiixhocth, nocjieflOBaTejibHocTB ip(k), onpeflejiaioiixyio KjiaccBi L^Dl h 

C^OT, mojkho GHHTaTB cjie^oM Ha N HeKOTopoit HenpepbiBHofl cpyHKHHH ip(t) HenpepbiBHoro 
apryMeHTa t G [1, oo). Mhojkcctbo Bcex nojio>KHTejiBHBix HenpepBiBHBix BBinyxjiBix bhh3 
(pyHKi^HH ip(t), t G [l,oo), fljia: KOTopBix lim if)(t) = 0, o6o3HaHHM uepe3 9JT. KajK^oii 

t— >oo 

cpyHKHHH if) G £DT nocTaBiiM b cooTBeTCTBiie xapaKTepncTHKH (cm. [U §3.12]) 77(f) = 77 (■0; t) = 
ip~ l (ip(t)/2) h = /i(0; i) = £/ (77(f) — t), r^;e — cpyHKHHH, o6paTHaa k 0, h bbi^cjihm 

nO^MHOJKeCTBO 971+ CpyHKHHH "0 H3 97t, flJIH KaJK^OH H3 KOTOpBIX /J,(t) = fl(lf>] t) MOHOTOHHO 

h HeorpaHHieHHo B03pacTaeT: fi(ip;t) f 00. EcTecTBeHHBiM npe^cTaBHTejieM MHOJKecTBa 97T+ 

3BJIH6TCSI CpyHKHHH 

^(t) = e - Qir , a>0, r>0, (2) 
fljis KOTopofl xapaKTepucTHKa n(t) HMeeT bh,h, 

H(t) = ntyt) = ( (1 + ^) 1 -lj • (3) 

Hnpo ^(t), nopojK^aeMoe cpyHKHHen ■?/>(£) BHn,a (J2]), Ha3braaioT o6o6meHHbiM nnpoM Ilyac- 
coHa h o6o3HauaioT Pn' r (t), T.e. 

P^(t) = ^ e - Qfc? ' cos (kt-^-Y a > 0, r > 0, /9 G R. (4) 

B 3tom cnyuae KjiaccBi C^9T h L^9? o6o3HauaioT cootbctctbchho uepe3 C?' r 9T h L~' r 0T. 
H3yueHHio acHMnTOTHHecKoro noBen,eHHH yKjioHeHHfi cyMM Oypbe ot cpyHKHHii H3 KjiaccoB 
Cp' r yi h L?' r 9T b MeTpuKax npocrpaHCTB C n L p nocBaiu;eHBi paGoTBi CTenaHii;a [2j |3] h 
TejiHKOBCKoro j4]. Hccjie^oBaHHio acuMiiTOTHHecKoro noBe^eHHH yKjioHeHHii o6o6m;eHHBix 
onepaTopoB AGejia-IIyaccoHa, nopoac^aeMBix a^paMH BH^a (jlj) npn (3=0, ot cpyHKu,HH H3 
KjiaccoB JlHnniHn;a Lip x 7, 0<7<r<l, nocBHm;eHa pa6oTa OajiajieeBa |5]. 

KaK cjie^yeT 113 npefljiojKeHiie 5.14.1 pa6oTBi [T], ecru ip G 971+ h / G Cf, /3 G R, to 
cpyHKi^Hsi / siBjisieTcsi GecKOHeHHo ,n;H(p(pepeHn;HpyeMOH. C flpyroft ctopohbi, H3 [SJ TeopeMa 
2] BBiTexaeT, hto ecjin 27r-nepHo^i;H T iecKa5i (pyHKn;Ha / aBjisieTca 6ecKOHeHHO flH(p(pepeHi],Hpy- 
eMofl, to cymecTByeT ip G 971+ fljis KOTopoii / npHHafljie>KHT Cp npn Bcex ^eiicTBHTejiBHbix 
f3. HHbiMH cjioBaMH, ecjin D°° — MHOJKecTBo 27r-nepHo^i;H T iecKHx 6ecKOHeHHo flHcpcpepeHi^H- 

pyeMBIX (pyHKU,HH, TO U Cp = D°° npH npOH3BOJIbHOM ^eftCTBHTejIbHOM (3. 

06o3HaHHM Hepe3 Tin—x no^npocTpaHCTBO Bcex TpHrOHOMeTpHHeCKHX nOJIHHOMOB 

n-1 

T n -\{x)= ^2 (ft/c cos kx-\-(3k sin kx), q;^, /S^gR, nopa^Ka He BBinie n— 1. /JaHHaa pa6oTa no- 

fc=0 

CBHm;eHa HaxojK^eHHio acHMnTOTHHecKHX npn n— >oo ohchok HaHjiynninx npnGjiHJKeHHH 
E n (C^H UJC )c= sup E n (f) c = sup inf ||/ - T n _i || c , 
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H 

E n (I$H UL ) Lp = sup E n (f) Lp = sup inf ||/ - T n _i|| Lp , 

b cjiyuae, Kor^a ip G 9Jt^ h /3 G IL 

^Jia (pyHKUHOHajibHbix KjiaccoB, 3a^;aion];Hxc2 c noMombio Mo/xyjiH HenpepbiBHocTH, Ha 
cero^HHuiHHH ^eHb cymecTByeT oTHocHTejibHo He6ojiBnioe kojihhcctbo pa6oT, b kotopbix 
Hafi^eHBi TouHbie hjih aciiMnTOTiiuecKne paBeHCTBa ^jih Haujiyuniux npu6jiH>KeHHH Taxux 
KjiaccoB b paBHOMepHoii hjih HHTerpajibHoft MeTpHKax. KopHenuyK [7] bmhhcjihji TOHHBie 
3HaueHHH BejiHHHH E n (W r H ulc )c H E n (W r H ulc ) Ll ,r, n G N, fljia BbinyKjibix Mo^yjieii Henpe- 
Pbibhocth u(t). BnocjieflCTBHH 3th pe3yjiBTaTbi 6mjih pacnpocTpaHeHbi Ha Kjiaccti nepHo/jH- 
uecKHX cpyHKUHH, nopo^K^aioiHHecH He yBejiHHHBaroiHHM ochhjijihhhio H/xpoM K (K G CVD) 
(cm. GnGjiHorpacpHio b [8J). IUeBajiiXHH [8] fljia sjj;ep K, y^BjieTBopHroiHHx BBe^eHHOMy hm 
ycjiOBHio i?2n, Hauieji oh,6hkh CHH3y KOJiMoropoBCKHX nonepeuHHKOB KjiaccoB CBepTOK Hjj;ep 

K C CpyHKHHHMH H3 H u)c B paBHOMepHOH MeTpHKe npH yCJIOBHH BBinyKJIOCTH CpyHKHHH u(t) 

h noKa3aji, hto ohh b pajj;e cjiyuaeB hbjihiotch tohhmmh. 3th pe3yjiBTaTBi jj;aK)T ohchkh 
cHH3y jj;jih HaHjiyuniHx paBHOMepHbix npnGjinaceHKH cooTBeTCTByroiHHx KjiaccoB. TaKJKe b 
[8] noKa3aHO, hto H^po IlyaccoHa Pq' 1 npn a > ln(l + 27r) y^oBjieTBopneT ycjiOBHio i?2n PAR 
Ka>Kjj;oro n G N, ho b to yae BpeMH sto Hjjpo He hbjihctch CVD-HixpoM npn a = ln(l + 2tt) 
(Po^CVD). 

B pa6oTax |9j [10] paccMOTpeH jihhchhmh MeTOJj; U*_ 1 rjir npH6jiH>KeHHH cpyHK- 
hhh H3 KjiaccoB HHTerpajioB IlyaccoHa C^ ,1 H Uc h Eg , a>0, /3gM, h penie- 
Ha 3a^,aua KojiMoropoBa-HnKOJibCKoro, cocTOHiuaH b Haxo>Kjj;eHHH acHMnTOTHuecKHx 
npn n— >oo paBeHCTB rjik bcjihhhh SiC^H^^U^-ijc = sup ||/ — £^_i(/)||c u 

E{Ep 1 H ulL ^U*_ l )i J1 = sup ||/ — Ha ocHOBaHHH HaHjj;eHHBix ou,eHOK 6m- 

feL^H ULi 

jih nojiyueHbi acHMnTOTHuecKHe paBeHCTBa jj;jih HaHjiyuninx npH6jiHJKeHHH E^C^^H^c H 
E n (Ep l H WL )l 1 b cjiyuae BBinyKjiocTH Mo/xyjiH HenpepBiBHocTH u(t). IlpH stom oKa3ajiocb, 

hto BejiHHHHBi £ (C^' 1 H Wc ;U*_ 1 ) c , S{L a ^H^ ; U*_ x ) Ll , E^O^H^c h E n {L a ^R Whx ) Lx 
acHMnTOTHuecKH paBHBi MejK^y co6oh. B [TT] pe3yjibTaTBi no HaHjiyuniHM npH6jiH>KeHH5ix 
6bijiH pacnpocTpaHeHbi Ha Kjiaccbi C^H UJc h L^H Ul , Korjj;a ip(k) yn;oBjieTBop5HOT ycjio- 
bhio ,H,'AjiaM6epa lim ip(k + 1) k) = q, 0<g<l. Ltpn BbinojiHeHHH stoto ycjioBHH 

k— >oo 

Kjiaccti CpH^c coctoht H3 (pyHKUHH, jjpnycKaroiHHX peryjiapHoe npojj;oji>KeHHe b nojiocy 
\lmz\ < ln(l/g). 

B flaHHofl pa6oTe npojj,oji>KeHbi Hccjie^oBaHHH pa6oT [9] — B Heft nojiyueHbi acHMn- 
TOTHuecKHe paBeHCTBa jj,jih bcjihuhh EniC'pH^c h E^EpHu^L! npn ycjioBHH, hto 
ip G G M h u(t) - - BbinyKjiBiH Mopyjib HenpepBiBHocTH. Otmcthm, hto no- 

pajj;KOBbie on;eHKH sthx bcjihuhh H3BecTHM (cm., HanpHMep, |12[ §7.4]): E n (CtH Uc )c ^ 

E n (Lj^ ii ) Ll x^(nV(l/n). 

Ochobhoh pe3yjibTaT pa6oTM cocTaBjiaeT cjieflyiomee yTBep>K jj^eHHe . 

TeopeMa 1 nycmv ip G 971^, G M u u(t) — npou360At>Huu ModyAb Henpepuenocmu. 
Tosda npu fi(n) > 2 

E n {CjHu ) c = -e^(n)e n (u) + 0(l) ln ^)u (-) , (5) 
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E n (L$H uti ) Ll = h^{n)e n {u) + 0(l) 7 „(^)w (~J , (6) 



E n (L^H ULp ) Lp < ^(n)e n (u) + 0{l) ln ^)u f ± ) , 1< p < oo, (7) 



vr/2 

'2t 



n 



e ra (w) = / w( — I sintdt, (8) 



o 



7n (V) = + i) Q + fl ( n ]_ 2 ) + ^ (3n) ( x + ln+ (^H - n )) > ( 9 ) 

ln + t = max{0;lnt}, eejiunuHU 0$ = 6n\u>), i — 1,2, maKoeu, umo 6$ = 1 eunyK/iux 
ModyAeu nenpepuenocmu u(t) u 2/3 < #n < 1, 1/2 < #i 2 ^ < 1 Bar npou3eoAbHux u(t). 
B (fiopMijAax (GP-([7|) u ecmdy daAee 0(1) — eeAUHUHU paenoMepno ozpanuneHHue no eceM 
paccMampueaeMUM napaMempaM. 

IIpHBe^eM HeKOTopbie saMenaHiia h cjie^cTBHH H3 TeopeMBi 1. B cnynae BBinyKjiBix mo- 
^yjiefl HenpepbiBHOCTH u(t) cpopMynBi ([5]) h ([6]) hbjihiotcs acHMnTOTHHecKHMH paBeHCTBaMH 
Tor^a h tojibko Tor^a, Kor^a BBinojmaeTca ycnoBue 



ip(n) \l + \n + (rj(n) — n) 



(10) 



H3 [121 c - 143] H3B6CTHO, HTO ip (3n) / (n) = o(l) IipH ip G QJt^ . IIoSTOMy, eCJIH ?/>(t) TaKOBa, 

hto 7](ip]t) — t < K < 00, t G [l,oo), to ycjiOBiie ( ITUl) ^yia TaKHX ^(t) BBinojmiieTca 
Bcer,n;a. Ecjih jko pa3HOCTB 77(-?/>; t) — t He orpamineHa, to cooTHonieHiie ( !T0|) mojkot h He 

BBinOJIH2TC3. 

,H,jT5i oi^eHKH BejiHHHHBi 7n (V0 BH^a ()9]) mojkot 6bitb nojie3HBiM cne^ryrouxee yTBepjK^eHHe. 

IIpe/j,Jio>KeHHe 1 ITycmb 3adanHue na [1, 00) (fjynKyuu ipi(t) u ^(t) noAOOtcumeAbHU, 
nenpepuenu u cmpozo y6u6amm k nyAto, a ip(t) = ip2{t)/ipi{t) mohotyiohho neyBueaem. 
Tosda 7](ipi; t) < T](ip2', t), t > 1. 

^],OKa3aTejiBCTBO BBiTexaeT H3 cooTHOHiemift: 

2 2^) (p(T](<lp2-it)) ^(77(^2; *)) 

Hapa^y c xapaKTepncTHKaMH ry(t) h ^jih (pyHKi^HH ^ H3 MHo>Ke ctb a QJt paccMaT- 
pHBaioT TaK>Ke (cm. [1, §3.12]) xapaKTepncraKy a(t) = a(ip;t) = ^77^1 (^ / (^)=V' / (^+0))- 
C ee noMom;Bio bbi^cjihm H3 971 no^MHoacecTBa S 14- = G SEJt : /*j h 5+ = 

|^ G 971 : t 00 1 • H3 TeopeMBi 3.12.1 pa6oTBi [1J BBiTexaeT, hto 5+ C 971+ . Hnace (pop- 
MyjinpyeTca yTBepxc^eHne, nojie3Hoe ^jih npoBepKH ycjiOBHS npHHaflJieJKHOCTH MHoacecTBy 
S^, a 3HaHHT, h 971+ . 

npe,a,Jio>KeHHe 2 IJycmt, ^ 6 S + « i/) 2 6 £+. Tog^a ^1 • ip 2 £ •S'i- 



4 



,H,OKa3aTejiL.CTBO jierxo npoBecTH BocnojiB30BaBHiHCB (popMynoft 

1 1 1 

+ 



cnpaBe^jiHBocTB KOTopofi BBiTexaeT H3 u,enoHKH paBeHCTB 

i = t(Mt)Mt)y = _ tjm = i + i 

a(ipx ■ ip2\t) il>i(t)if) 2 (t) if>i{t) fait) a(i>i',t) a(i>2)t)' 

B KanecTBe npHMepa paccMOTpHM (pyHKunio ip(t) = t~ s e~ afr , 5 > 0, a > 0, r > 0. 
IloKaJKeM, hto OHa npHHa^Jie>KHT MHoacecTBy , h fljia Hee (popMyjiBi (jSj) h (jSJ) hbjihiotch 

aCHMnTOTHHeCKHMH paB6HCTBaMH npH yCJIOBHH BBinyKJIOCTH MO^yjIH HenpepBIBHOCTH u(t). 
IIOJIOJKHB 1pl(t) = e~ afr , — t~ 5 , HeCJTOJKHO y6e^HTBCH , HTO ipi G >S+, 8. 1p2 E S + . 

IIosTOMy, Kax cjie^yeT H3 yTBepac^eHna 2, r/> e . A-? 13 (pyHKUHH i/>i(t) xapaKTepncTHKa 
fi(ipi;t) HMeeT BHfl ([3]). BBi6npaa t > (— )* r , nojiynaeM 



oo i 



ml \ 



u(ibi;t) ^— i m! \at r J art r 



r^;e A — HeKOTopaa KOHCTaHTa. Mb TeopeMBi (TJ yHHTBrean npefljioacemie 1 h oneBH^HBie 

OUeHKH 

V^(3n) < e _ Qn . (3I -d ^(n + 1) < / 1, r G (0, 1) 



or— 1 



^(n) ~ ' ip(n) ~ { e~ arn , r > 1, 

nojiynaeM cjie,a,yioinee yTBepac^eHHe. 

Cjie^CTBHe 1 Lfycmt) ip(t) = t~ s e~ atr , 5 > 0, a > 0, r > 0, /)eK« u;(i) — eunyK/iuu 
ModyAb Henpepuenocmu. Tozda npu n — > 00 eunoAHsiwmcM acuMnmomunecKue paeencmea 



h n {LgH w ) Ll \n \n 



\ re(0,l), 

g(?e e ra (w) onpedeAttemcn paeencmeoM a 7 n (a, t) = ^ (1 + a -1 ) e - "?! -1 , r=l, 



r-l _j 



n , r>l. 



Ilpn r = 1 h 5 = jih6o r = 1 h 8 = 1 (popMyjiBi ( fTTT) yTOHHHioT acHMnTOTHHecKHe 
paBeHCTBa, nojiyneHHBie b [9j TeopeMa 1], [TO] TeopeMa 1] h [TT] cjie^cTBHe 1]. yjiynineHHe 
flocTHraeTCH 3a cneT Gojiee tohkoh oi^eHKii o CTaTo hhbix hjichob. 

Hto >Ke KacaeTca cjiynaeB r G (0,1) ar > 1, to paBeHCTBa (fTTj) aBjiaioTca hobbimh 
^aace npn 5 = 0. IIpH stom HanGojiee HHTepeceH, Ha Hani B3rji3^, cjiynan r e (0, 1), Kor^a 
npHMeHeHHe cyMM OypBe jih6o HeKOTopBix hhbix hojihhomob, nopojK^aeMBix KjiaccnnecKHMH 
jiHHeflHBiMH MeTo^aMH npn6 jiH>KeHH3 , fljia oii;eHOK HaHjiynninx npnGjinaceHKH 0Ka3BiBaeTC3 

He3(p(p6KTHBHBIM. 

ConocTaBjiHH oh,6hkh (fTTj) npn 5 = c cooTBeTCTByioinHMH on,eHKaMH ^jih cyMM <J>ypBe 

[TJ §§5.10-5.16], [3], BHflHM, HTO flJIH BBinyKJIBIX MO^yjiefl HenpepBIBHOCTH 0j(t), BBinOJIHHIOTCH 

cjie^yioni;He cooTHonieHHH: 

E n {C a /H UG ) c EM r H u ,) Ll f . * , re (0,1), 



(1 — r) Inn ' 



£{C^ ,r H^c-, S n -i) c £(Lp' H ULi ; S n _i) Ll \± r>l 
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EiC^H^Sn^c 2K(e- 

tt/2 

r,n;e K(g) = J (1 — g 2 sin 2 u) -1 / 2 ^, < g < 1, - nojiHbifl sjijinnTHHecioiH HHTe- 
o 

rpaji nepBoro po^a, a 3anncb A(n)~B(n) osHaiaeT BbinojmeHHe npeflejibHoro paBeHCTBa 
lim A(n)/B(n)=l. 

n— >oo 

TaKHM o6pa30M, Ha Kjiaccax C^ ,r H UJc n L C ^' T H L0L ^ cyMMbi Oypbe peajiH3yioT acHMirroTHKy 
HaHjiyHinnx npii6jin:>KeHiiH tojibko npn r > 1. AirajiorHHHbiH 3(pcpeKT rjik KjiaccoB Cg^B^ 
h L a p r Bi 1 , rype = G L p : ||<^||l p < 1}, 6bdi ii3BecTeH paHee j 13] . 

^OKa3aTejibCTBO TeopeMM Q] 

YcTaHOBKM cHanajia oijeHKH cBepxy b (jSJ) h (jSJ) h HepaBeHCTBo ((7|). J\jik SToro 6yneM hc- 
nojiB30BaTb jiHHeflHbifi MeTo,n npnGjinaceHUH U*_ t , paccMOTpeHHbift b paGoTe [13]. Kaxflofi 
(pyHKirnn / ii3 Kjiacca c noMombio ciicTeMBi hhccji 

\^ = (3) = (ip(k) - ?p(2n - k) - ij(2n + k)) cos ^, 

fA. k = 1, . . . , n — 1. 

= 4 n) (^! /?) = - ^(2^ - *) + 4>{2n + k)) sin 

npnBe^eM b cooTBeTCTBHe TpnroHOMeTpHHecKHii nojiHHOM 

oo(/) 



fc=l 

r^e a fc = a k (f$), h = b k (fp, k G N, — KoscpcpHirneHTbi Oypbe cpyHKUHH /jf. 



KaK cjie^yeT H3 jieMMbi 2 pa6oTbi [13] , fljis npoH3BOJibHoii cpyHKnmi f & Ltyt, %l Q Li, 



noHTii npn Bcex x G K HM66T MecTO paBeHCTBO 

2tt 



/W-^i(/;«) = ^ / flfCx-^^cos^-^^)-*^))*, (12) 



B KOTOpOM 



*n(*) = + $^(™ + & ) COS H > *"./3( £ ) = S + ^ C ° S ( fc< + 2 ) ' 

fc=l fc=n ^ ' 

Ecjih ace / G C^DT, to HHTerpajibHoe npe^cTaBjieHne (fT2|) BbinojiHseTca npn Bcex a; G 

BBe^eM oGosHaneHne X^H U , 
noHHMaTb cjie^ryroinriM o6pa30M: 



BBefleM oGosHaneHHe X^H UJx , r^e X ecTb C hjih L p ,1 < p < oo, KOTopoe cjie^yeT 



- J C^H Uc , ecjin X = C, 

" " x \ ecjinX = L p , l<p<oo. 

IIpiiHHMasi bo BHHMaHiie npe^cTaBjieHHe (II 2p . npn / G X^H UJx HMeeM 

E n (f) x = E n (f-U* n _ 1 (f)) x = 



6 



inf 

T n _l€72n-1 



2tt 

\ J (2 COS (nt-^) *«(*)- - T n-l( 



(13) 



ITpaBas nacTb b Q aBjiaeTca 4-nepHo^HHecKofi (pyHKHiieii no /3. IIosTOMy ^ajiee 6yn;eM 

CHHTaTb, HTO (3 G [0,4). YHHTBIBaa 3TO, nOJIOJKHM 



(1 + (3)ix kir n fin kn 

Xk = o 1 , h = x k - — = — H , fcGZ, 

2n n In In n 



(14) 
(15) 



L(t) = x k npn t G [tfc, ife+i), G Z, 
11 paccMOTpHM KycoHHO-nocTosiHHyio 27r-nepHo^i;ii T iecKyio (pyHKHHio \l/ n (t) BH^a 

tt n (t) = tf„(Z n (t)). (16) 

H3 paB6HCTBa Q, npHMeHHa HepaBeHCTBo TpeyrojiBHiiKa fljis: HopMbi, o6o6ineHHoe Hepa- 
BeHCTBO Mhhkob cKoro [T4"t c. 395] 



2- 



F(-,t)dt 



2tt 

< I \\F(- 



> SMIL, 



(it, 1 < p < 00, 



(17) 



L p 



ii yHHTbiBaa tot cpaKT, hto CBepTKa jno6oft (pyHKiiHH 113 Li c TpiiroHOMeTpiraecKiiM nojin- 
homom ii3 l~m-\ TaiQKe HBjiHeTCH nojiHHOMOM H3 T% n -\, npii / G XpH Wx nojiynaeM 



E n {f)x < 



71 



2- 



/3tt 



ff(--t) cos(nt-^ ) V n (t)dt 



+ 



A' 



+ inf 



2tt 



< 



2 

<- 

7T 



2t 



/3tt\ - 



ft{—t)coa[nt~ * n (t)dt 



2n 



+ E n (ft)x / {\* n (t)-*n(t)\+\*nAt)\)dt. (18) 



ycTaHOBHM on,eHKy cBepxy fljiH nocjie^Hero HHTerpajia b (fT8|) . YnHTbiBaa: (!T4l)-(!T6l). HMe- 



CM 



2 J" 2n-l ^ 2n-l t 2 

/|*„W-^ B (t)|cft=X; / |*n(*)-*«(*)|*<-X) V(*„) = -V(*n)- (19) 

On,eHHM BapHaniiio (pyHKHiiH ^ n (t) Ha [— 7r, 7r]. Ecjih if) G OJtJ^, to, xax cjie^yeT H3 (TJ c. 
288-289], 3,n;po ^ n (t) mojkho ^HcpcpepeHiriipoBaTb cKOJibKo yro^Ho pa3 n psflbi, nojiynaeMbie 
nonjieHHbiM ^H(p(pepeHii,HpoBaHHeM, 6ynyT paBHOMepHo cxo^HTbca Ha [0,27r]. IIosTOMy 



2tt 

V(#r 




2?r 2tt 

*'„(0I* = 



+ fc) sin fc£ 



fc=l 



dt. 



(20) 
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fljis. oueHKH HHTerpajia b npaBoft nacTH (120]) BocnojiB3yeMC2 cjie^yiomHM pe3yjiBTaTOM Te- 

JIHKOBCKOTO j 15] ■ 

Teopema TEJl5lKOBCKOro. Lfycmt, nocAedoeameAbHocmb {ak}^ =0 ydoejiemeopaem 
ycAoeuHM 

CO CO I I 

lima fc = 0, ^(k + 1) \A 2 a k \ < oo, V ^ < oo. (21) 

k=0 k=l 

CO 

Tosda mpmoHOMempuHecKuu pad a k sin kt neAHemcH pndoM <Pypt>e Henomopou $yHK- 

k=0 

yuu g £ Li u 

(OO OO I I \ 

$> + l)|A 2 a fc |+]T^ , (22) 
fe=0 k=l / 

dde A — aBcoAmmnaH KOHcmanma. 

IIojiojkhm «fe = kip (n + k) h ^OKaaceM BBinojiH6Hiie ycjioBiift (|2"T|) TeopeMBi TejiHKOBCKoro 
b cjiynae, Kor^a ^ G 371^,. HcnojiB3ya HepaBeHCTBo 3.12.24 H3 [1] 

m<-W(t)( V (t)-t)), t>l, ^G9Jt+, (23) 

HMeeM 

/ / xx/ , ,/ m / 2(n + i) \ . ,,, ,. / 2n + 2 



-1 . 



tfi(n + t) J \fi(n + t) 

BejiHHHHa (2n + 2)///(n + i) mohotohho cTpeMHTca k npn t — >■ oo, a 3HanHT 

lim afc = lim /c0(n + fc) = 0. (24) 

fc— >oo fc— >oo 

oo oo 

/JoKajKeM, cxo^hmoctb pa^a ^2(k + l)|A 2 «fc| = (A; + l)|A 2 {A:'?/'(n + IIockojib- 

fc=0 fc=0 

Ky A 2 {kip(n + fc)} = kA 2 tp(n + k) — 2Aip(n + k + 1), to, BCJieflCTBHe BBinyKjiocTn bhh3 
nocjie^oBaTejibHocTH ?/>(/c), HMeeM 

oo oo oo 

J2( k + 1) I A 2 {kiP(n + k)}\ < J2( k + ^)kA 2 i)(n + jfe) + ^ 2(Jfe + l)A^(n + Jfe + 1) = 

fc=0 k=0 k=0 

CO CO 

= k 2 A 2 tp{n + k) + ip{n + 1) + 2 ^ ^0 + *0- (25) 

k=l k=l 

JXjis oi^eHKH nepBofi cyMMBi b npaBoft nacTH f )25|) BocnojiB3yeMca npeo6pa30BaHneM A6e- 

JIH 

N-l 

y^kVk = y~](uk — Uk+x)Vk + u n Vn, (26) 
fc=i fc=i 

r,n;e Vk = v\ + d 2 + . . . + v k . ^Baac^Bi npiiMeHaa npeo6pa30BaHiie A6ejiH ( 12 6 p , nojiynaeM 

JV N-l 

^k 2 A 2 ^{n+k) = ij(n + l) + 2^2tp(n + k + l)-(2N-l)tp(n + N + l)-N 2 A^j(n + N+l). 

k=l k=l 

(27) 
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Hb paBeHCTBa (1271) BBiTexaeT 



N 



N 



^2k 2 A 2 ip{n + k) < 4){n + 1) + 2^^(n + fc), NeN. (28) 

fc=l fc=2 

Ilepexo^a k npe^ejiaM npn JV-i'OOB o6enx nacTHX HepaBeHCTBa (128]) . nojiynaeM 

oo oo 

k 2 A 2 ^j{n + k) < ip{n + 1) + 2 ^ ^0 + *0- ( 29 ) 

fc=l fc=2 

ConocTaBjieHHe (popMyji (125 p h ( |29|) no3BojiaeT 3anncaTB cooTHonieHiie 

oo oo oo 

J2( k + l)|A 2 afc| = J2( k + ^ | A2 {^(^ + fc)}| < 4^^(™ + fe) < oo. (30) 

fc=0 fc=0 fc=l 

B cHjiy onpe,n;ejieHH5i nocjieflOBaTejiBHocra h BKjiioHeHHa ^ G 9Jt+ 

OO I i oo 

\otk 



ET = & (n + 1)< °°' 



fc=l 



(31) 



k=l 



Kax BHflHo H3 (I24p . (130]) h (13 npn a& = kip(n + k) Bee ycjioBna TeopeMBi TejiHKOBCKoro 
BBinOJIH3IOTC2. IIoSTOMy Ha OCHOBaHHH ( 122]) c yneTOM ( 130]) h ( 13T]) HMeeM 



2tt 



dt < A^2ip(n + k). 



k=l 



fc*0(n + fc) sin kt 

k=l 

H3 ( 120]) h ( 132]) cjie^yeT ou,eHKa 

oo 

V(*n) = 0(l)Y>(n + *). 



(32) 



(33) 



fc=i 



IlocKojiBKy t/> G OJtJj, to H3 cpopMyjiBi (19) pa6oTBi [16] BBiTexaeT, tto fljia Bcex m > 1 
TaKHX, hto /i(m) > 2, bbhiojih5I6tch HepaBeHCTBO 



i/j(v)dv < g — V ; ( m )( ? 7( m ) — m )> m > 1. 



(34) 



IIpHMeHaa (134]) npn m — n + 1, HMeeM 



„ o° 

oo „ 2 

J^Vfa + fc) < ^(n + l)+ / ip(v)dv < ip(n + l)(l+ — (77(71+1) -(n+l))Y (35) 

fc=i J, V 1 - -^-^ 



n+l 

ConocTaBjiHH cooTHorneHHsi ( JT9|) . (133]) h ( |35|) . nojiynaeM 

2tt 

- , /ll 

dt = 0(l)^(n + l) - + 



n (i{n) — 2 J 



(36) 



^Jia oKOHHaTejibHofl ou,6hkh nocne,n;Hero HHTerpajia b ( 118]) noKaaceM, hto 



2tt 



\* n At)\dt = 0(l)^(3n) (1 + ln+(r/(n) - n)) . 



(37) 



fljiz cyMM i^n(t) = ^ «fc cos(A;i + 5), n G N, 5 e 1, 4- 0, A 2 «fc > 0, xopoino H3BecTHa 

k=n 

oueHKa [T7, c. 135] 



f , 2n-l 

4 



l-^nlUj = <5n + 0(a n ), Q n =< 



Y— + 2|sin5|y^, 6?Trl,leZ 

^ k+l-n ^ k 



7T z — ' fc + 

fc=n 
. 2n-l 

4 a fc 



7T 



fc + 1 



k=n 



+ l-n 



I, -2„ ^ 

8 — ttI,1 g Z, 



(paB6HCTBo ( 13 8 p aBjiaeTca cjie,n;cTBHeM pe3yjiBTaTOB pa6oTBi TejiHKOBCKoro |18|). IIpH 
-0(2n + fc) h (5 = /3tt/2 hb (158]) nojiynaeM 



^(t + 3n- r 



i/ Mdt< fM^ (3n)+ /' 



r^e T"(n) = max{l; 77(71) — n}, n G N. 

OueHHM KajK^Biii 113 HHTerpajioB b (159]) . Jlerxo bh^tb, hto 



eft + 



^(t + 3n- 1) 



T(n) 



dt, 



(39) 



T(n) 



^(t + 3n- 1) 



T(n) 



dt < ip{3n) 



dt 



■0(3n) ln + (r?(n) — n) . 



(40) 



HcnojiB3y5i cpaKT mohotohhoto yGBreaHna (pyHKuiin £(t) = (rj(a + t) — (a + £))/£ Ha [1, 00) 
npn a > h npnM6H35i HepaBeHCTBo f )23|) . nojiynaeM 



^(t + 3n- 1) 



T(n) 



dt<-2 J i//(t + 3n - 1 

T(n) 



r/(t + 3n-l)-(t + 3n-l) 



< -2 



77 (T(n) + 3n - 1) - (T(n) + 3n - 1) T(n) + 3/2-1 



< 



T(n) + 3n - 1 
2(l + 3/i(n)) 



T(n) 



Tin) 



/i(3n) 



V»(T(n) + 3n - 1) < 2 3 + 



/i(n) 



i)'(t + 3n- l)dt < 
V>(3n). (41) 



OG'beflHHas ( I39p -Q y6e>K^i;aeMC5i b hcthhhocth (13Tj) . 

Hb f|T8l) . fl36l) . ( 1571) h HepaBeHCTBa ,U,5KeKcoHa E n Up)x < -o> ( — ) , G X (cm. 

2 V n/x 

HanpHMep, [TU c. 258]), nojiynaeM 



7T 



2- 



+ 0(l) ln (iP)u 



(42) 
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r A e 7n(V0 onpe^ejiaeTca paBeHCTBOM ([9 

PaccMi 
nojiynaeM 



PaccMaTpHBaa TonHbie BepxHne rpami no / G XtH wx b o6enx nacrax HepaBeHCTBa 



E n {XjH Wx ) x < I n (if>,p,oj) x + O(l) ln (if))u[ ~ 



(43) 



y - t) cos fnt - ^\ * n (t)dt 
o 

^Jia on;eHKH BejinnnHBi I n (if), j3,u)x naM 6yn,eT Heo6xo^HMo Taxoe yTBepjK^eHne. 



r^e I n (ip,(3,uj)x = sup I n {<p)x, In{f)x = ~ 



JleMMa 1 Ilycmb X ecmb C uau L p , 1 < p < oo, if) G 9PT£,, /3 G K u w(t) 
npou360At>HUU ModyAb Henpepuenocmu. Tosda npu fi(n) > 2 UMeem Mecmo Hepaeencmeo 



I n {if), p, u) x < -i){n)e n {u) + 0{l)if){n + 1) - + 



7T 



n )w(n) — 2 



(44) 



e KomopoM e n (u>) onpedeAHemcH paeencmeoM 



,ZJOKA3ATEJibCTBO JlEMMbl [U YnnTbiBaa o6o3HaneHna: (IT4l-(lT6l). a TaK>Ke nojiojKH- 

T6JIBHOCTB CpyHKUliH \l/ n , ^JI3 npOH3BOJIBHOH (fi G -f/^ HMeeM 



X 



TV 



2n-l , 

^n(^fc) / <£>(- - 1) COS ( nt - 
A;=0 / ^ 



/3tt 
~2 



dt 



2n-l 



< - ^n(^fc)efc(v?,^)x, (45) 

7T z — ' 



fc=0 



r^e e k (f,n) x ~- 
( TT71) . nojiynaeM 



/ - t) cos (nt - ef) dt 



IlpHMeHHH HepaBeHCTBO MHHKOBCKOrO 



e k (f,n] 



X 



J (ip(- - t) - ip(- - 2x k + t)) cos ^nt - ^-j dt 



< 



< / u{2(x k -t)) 



cos nt — 



(3% 



dt = I u)(2t) sin ntdt 



tt/2 



a 



to 



smtdt. (46) 



OGte^HHaH cooTHonieHna (1431) n (l4*6l) . mojkcm 3anncaTb 



tt/2 _ , 

I n (ip, [3,u)x < — / w - smtdt } ^„(x k ). 



(47) 



IIoKaJKeM , HTO 



- ^ *»(**) = + ° W(n + 1) f- + ; | • 



(48 
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/JeiicTBHTejibHo, b cnjiy (fT6|) h f )36|) 

- 2n-l 2n-l * fe + a 2n-l '^.t 1 2n-l 

n Z — ' Z — ' 7T / 7T Z — ' / 7T Z — ' / 

k=0 k=0 r k=0 r k=0 f 

<*fc Cfc 

2tt 2tt 

= tf„(*)d* + 0(l) J \y n (t)-V n (t)\dt = il>(n) + 0(l)<il>(n + l) {^ + 

o o 

06teflHHHH (|4"T|) ii (I48p . nojiynaeM HepaBeHCTBo ( l4"4"|) . JleMMa 1 ,n;oKa3aHa. 
IIpo^ojiJKHM ^0Ka3aTejibCTB0 TeopeMBi 1. H3 conocTaBjieHiia cooTHomeHiiii (143]) h 
cjie^yioT ohchkh cBepxy b (EJ) 

J\oKaJKeM ou;eHKy CHH3y b §5§. IlycTB u(t) — BbinyKjiBiH Mo^yjib HenpepBiBHOCTii. Pac- 

CMOTpHM (pyHKHHK) f*(x), CB5I3aHHyiO paBeHCTBOM ([I]) c (pyHKHHen 

<p*(t) = (-i)Vfc(t), te[t fc ,t fc+ i], fcez, 

r^e 

m u\-l w(2(x k -t))/2, te[t h ,x k ], , 

-u(2{t-x k ))/2, te[x h ,t k+1 ], KE£ " 

IIo nocTpoeHHio ip*{t) HBjiHeTcsi HenpepBiBHOH 27r-nepHO,n;HHecKOH (pyHKHiieii, <^*_L1 h, b cnjiy 
BBinyKjiocTii u;(£), ynpBjieTBopaeT HepaBeHCTBy 

|^*(*i) — V*(*a)l < ^(1*1 — WuheR. (49) 

SiiaHiiT, /* e C^H UJC . Haft^eM oueHKy BejiHHHHBi HaiuiyHirrero paBHOMepHoro npn6jiHJKeHiis 
(pyHKHiiH f*(x). C yneTOM (TT2"j) h (I16p . mojkcm 3anncaTb 

E n {r)o = E n (f* - UU{r))c = E n {%) c + 0(l)\\r n \\ c , (50) 

r^e 

2vr 

$* (x) = K(V*; x) = ^ f cp*(x-t) cos (nt - ^) W„(t)dt, (51) 



o 

2tt 



r n (x) = r n (<^*; x) = / </?*(• - t) ( cos 



o 



- ^ (* n (*) - *„(*)) + * n>i9 (*)^ d*. (52) 



IIpiiMeHiiii HepaBeHCTBo MnHKOBCKoro (II 7p k npaBoii nacTH ( )52|) . a 3aTeM yHHTBmaa 
oipchkh (136|) . ( |37|) h onpe^ejieHHe (pyHKHiiH <p*(t), nojiynaeM 

||r„||o = 0(l)y n (4>)u (±) . (53) 

H3 nocTpoeHHa <p*(t) cjie^yeT, hto b 2n tohkbx ( k = kir/n, k = 0, 1, . . . , 2n — 1, (pyHKHiia: 
$*(x) npHHHMaeT 3HaneHHJi c nepeflyroiHHMHca 3HaKaMH: 

sign$;(C fe ) = -aign$*(Cfc+i), fc = 0,l,...,2n-2. 
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KpoMe Toro, npn k — 0, 1, . . . , 2n — 1 



^2^„,{x k ) / <^*(Cfc - ^)cos I nt - — j dt 



— V V n {x k ) / w(2(x fe -t)) 
fc=o r 



, 2 /• /2t\ f ^ T , v 
at= — / u [ — sin tat > ^> n {x k ). 
nnj \nj ^ 



cos nt 

2 



Hcnojit.3ya (1481) h npHMeHHH TeopeMy He6BiineBa 06 ajiBTepHaHce (cm., Hanpmvrep, [141 Teo- 
peMa 2.1.2]), Haxo^HM 



E n ^* n ) c = \$* n (( k )\ = -^(n)e n ( W ) + 0(l)V(n + !)(- + 



7T 



1 



n /x(n) — 2 



(54) 



YHHTbiBaa (15 0|) . (|53|) h (154"]) . fljiH BBinyKjiBix Mo^yjiefl HenpepBIBHOCTH cu(t) HMeeM 



E n {C$H uc ) c > E n (f*) c > -^(n)e n (u) + 0(1) 7 „(^V 

7T 



(55) 



r^;e e n (u;) onpe^ejiaeTcsi paBeHCTBOM (jSJ), a 7 n (V0 ~~ paBeHCTBOM ([9]). 

ECJIH JKe Cj(t) — npOH3BOJIBHBIH MOflyjIb HenpepBIBHOCTH, TO ^JIH (pyHKHHH y?*(t) ycjioBne 

(l4*9|) MOJKeT He bbihojihhtbch, o^Haxo Kax h3bcctho (cm., HanpHMep, [U c. 202]) (pyHKirHH 
<£>*(t) = 2(p*(t)/3 npnHa^jiejKHT k Kjiaccy H L0C . Cjie^oBaTejibHo f*(x) = 2f*(x)/3 npHHafl- 



jieacHT k CpH^c h 



E n (C*H Uc ) c > E n (f*)c = ^E n (f*) c > —^( n )e n (uj) + 0(l)y n (iP)u 



(56) 



06be^,HH5ia (I43j) . (I4"4"l) . ( I55jl h ( 15 6 j) . nojiynaeM cooTHonieHne (|5]) fljia npon3BOJibHbix mo- 
^yjiefl HenpepBIBHOCTH ou(t). 

YcTaHOBHM HeoGxO^HMyiO OH,eHKy CHH3y B ([6]). IlyCTB u(t) — BBinyKJIBIH MO^yjIb Henpe- 
pBIBHOCTH. IIOJIOJKHM 

( w(2t)/4, t G [0,7r/2n), 
<pi(t) = I -w(-2t)/4, t G (-7r/2n,0], 
{ 0, vr/2n < \t\ < 7T, 

h nepe3 <^2(^) o6o3HanHM 27r-nepHOflHHecKoe npoflaiDKemie (pyHKinm (pi(t). JX&jiee, paccMOT- 

pHM (pyHKHHIO 

(57) 



¥>*(*) = tf,® = <4(*) - ^ (£) • 



Kax H3BecTHo (cm., HanpHMep, [U c. 258]), ip* 1A mp* E H ULi . fljis (pyHKirHH /* G LpH UL , 

CBH3aHHOH paBeHCTBOM ([I]) C (pyHKITHeH <f*(t), yHHTBIBaH ( IT2|) H (TTB"]) . MOJKeM 3anHcaTB 

# n (rk = K(r - tCik = k($;)l 1 + 0(1)11^11^, 

r^;e $*(x) h r n (x) onpe^ejieHBi paBeHCTBaMH (1ST]) h ( |52|) . cooTBeTCBemio. ^jih 11^11^ jierxo 
nojiynHTB aHajior on,eHKH (153|) BH,n;a ||r„|| Ll = 0{l)y n {ip)uj{l/n). 
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OyHKijHa $* (x) b TOHKax = ( ~ 1 ^- >7r + — , iE.1i, paBHa Hyjiio 

2tt 



Kfa)=~ J (p*(xi-t) cos (nt-^j * n (t)dt = 



tj_l_i n/2n 

ip [Xi — tj cos I nr at = / (p [tj sin ntat = 



TT J \ 2 J 7T 

tj -yr/2n 

ii ^pyrnx Hyjiefl He HMeeT. IIpii stom 

sign$;(x) = (-1)*, xe(xi,x i+ i), ieZ. (58) 

IIocKOJibKy ^jih (pyHKUHH $* (cc) BbinojiHHeTCH (158 p . to, Kax cjie^yeT H3 [T4"l TeopeMa 1.4.5], 
nojiHHOM T ? ^_ 1 (x) = HBjiHeTCH nojiHHOMOM HaiuiyHiiiero npn6jin>KeHna b cpe^HeM, T.e. 
E n (Q* n ) Ll = ||$;|| Ll . SnaiiiT 



E n {L^ Li ) Ll > E n (r) Ll = \\KWi* +0(M)« • 



(59) 



IloKa>KeM c noMouiBio cTaimapTHBix b TaKiix cjiynaax coo6pajKemiii, hto 

KWin = "^(n)e»(w) + 0(l)V(n + 1) f - + , * w f- ) ( 60) 



B cmiy (EBJ 

2n-l ^t 1 * 2 . n 



|$;|| Li = J \q>* n ( x )\dx = ^J2(-l) 1 J j(p*(x-t)cos (nt-^) ^n(t)dtdx 



2 2n-l * 2 " 



^2(-iy j cos (nt-^Pj *n(*) y (f*(x-t)dxdt. 
IlocKOJiBKy / yj*(a; - t)ote = (^2(^+1 - £) - ^(^ - t) - (^) , to 



2n-l * 2 



$ ™H^ = ^ ^{-^Y f (^2{x l+1 -t)- V2 { Xt -t)-^ COS - * n (t)dt 



to 



= ^X}*"( Xfe ) / ^(-l) i (^2(x i +i-t)-^ 2 (x i -t))cos(nt-^-jrft. (61) 

fc=0 / i=0 ^ ' 

t/fe 

tfc+1 

B ciuiy Toro, hto J ^2(2^ — £) cos (n£ — 4p) dt = 0, i ^ k, HMeeM 



* fe+1 2n— 1 tk+1 

J ^(-l)V 2 (x i+1 - 1) cos (nt-^-j dt={-l) k ~ 1 J (p 2 (x k - 1) cos (nt - dt, 
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tk4-T„ - + 1 



- j ^{-If ip 2 {xi-t) cos (nt-^j dt=(-l) k - 1 J ip 2 (x k -t) cos (nt-^jdt. 

IIo^CTaBJIHH 3TH BBipaJKeHHH B Q H yHHTBIBaH (115]) . HaXO^HM 

2n-l * fc+1 

II^IIl^^^I-I)"" 1 ^^) y ^ 2 (x fc -t)cos (nt-YJ dt = 



4 7r/ „ 2 " 2,,-J 



7T 



/ <^ 2 (t) sinntrft V f„fe)=-^(n)e n (u)+0(l)fKl) f-+ 1 ( . 



-7r/2n 



PaBeHCTBo (160|) ,noKa3aHo. 

TaKHM o6pa30M, o6 r be,n;HH5ifl cooTHOHieHHH ( 159]) h ( )60l) . nojiynaeM, hto fljia BBinyKjibix 
Mo^yjieft HenpepBiBHOCTH u(t) 



E n (Lp ■ ) Ll > E n (f*) Ll > -i){n)e n {u) + 0(l) ln (i/;)cu (-) . 
1 1 7i \n ) 



(62) 



IlycTB TenepB u(t) — npoH3BOjiBHBiH Mo^yjib HenpepBiBHOCTH. ^jis nocrpoeHHH cpyHKHHH 
(fi*(t) Bocnojib3yeMca pe3yjiBTaTOM CTenKHHa (cm., HanpHMep, [U jieMMa 3.1.1]), corjiacHo 
KOTopoMy fljiH npoH3BOjiBHoro Mo^yjiH HenpepBiBHOCTH u(t) cymecTByeT BBinyKjiBift Mo^yjiB 
HenpepBiBHOCTH U*(t) TaKOH, hto u(t) < u>*{t) < 2u(t) Vt > 0. 

IlocKOjiBKy u(t) = uj*(t)/2 — BBinyKjian cpyHKHHH, to nocTpoHB no npHBe^eHHofi BBinie 
cxeMe (pyHKHHio f*(t) = f%(t), bh,h;hm, hto if* 1.1 n ip* G H UL . ,ZI,jih cpyHKHHH /* G V^H UJL ^, 

CBH3aHHOH paBeHCTBOM ([T]) C (pyHKHHeft <Pti(t)i HMeeM 

E n (L^H ) Ll > E n (f,) Ll > -i>(n)e n (uj) + O(lh»(V0<" ( ~ J • (63) 
1 7r \n y 



06 r be^HHHH cooTHonieHHH ( )43l . ( ]44j) . ( ]62l n ( 163]) . nojiynaeM paBeHCTBO ([6]) ,h;jih npoH3- 
bojibhbix Mo^yjieii HenpepBiBHOCTH u(t). TeopeMa 1 ^OKa3aHa. 
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